Rapid relief in the treatment of headache is considered very important by patients, and as a result, efforts toward identifying alternative formulations and routes of delivery to improve on the speed of relief have been increasing in recent years.[@b1],[@b2] Although oral medications are generally preferred by most patients with headache, it is not a route of administration that is conducive to rapid action. Following oral administration, dissolution and absorption are often the rate limiting factors in determining the onset of effect. In addition, first-pass metabolism is a common barrier to the achievement of rapid therapeutic concentrations. In the case of migraine, oral delivery is often unsuitable or unattractive for many patients because of the presence of nausea and vomiting. Furthermore, migraine patients frequently have autonomic dysfunction causing delayed gastric emptying during attacks which can both delay and reduce intestinal absorption.[@b3]--[@b6] The consequence of a slow onset of action is that the severity of the headache is prolonged and often worsening which increases the duration of disability and disease burden, and the potential to halt progression may be lost.[@b3],[@b6],[@b7]

The nose offers an attractive noninvasive alternative route of drug delivery for many conditions. Because of its large mucosal surface area and high vascularity, it allows for rapid absorption of drugs into the systemic circulation. In addition, this route of delivery may help address issues related to poor bioavailability, drug degradation in the gastrointestinal (GI) tract, and adverse events in the GI tract, and avoids the first-pass metabolism in the liver.[@b8] In some instances, structures directly related to disease pathophysiology also reside in the nasal cavity, and local delivery may reduce the need for systemic exposure and improve the therapeutic index of medical treatment.[@b9]--[@b11]

A fact often ignored with nasal drug delivery is that the site of deposition within the nasal cavity highly influences the extent of systemic absorption from the nose. The anterior portions of the nose are lined with nonciliated squamous epithelium not well suited to drug absorption. However, the mucosal surface gradually transitions, as one passes deeper into the nasal cavity, to ciliated respiratory epithelium. In the regions with ciliated respiratory epithelium, branches of the ophthalmic and maxillary arteries supply the mucosal membranes covering the convoluted and complex slit-like nasal passages ([Fig. 1](#fig01){ref-type="fig"}). It is this richly vascularized region of the nasal cavity lined with respiratory epithelium which is conducive to the rapid absorption of drugs across the mucosa and into the systemic circulation from the nasal cavity and not the anterior regions lined with squamous epithelium.[@b8]

![The complex anatomy of the nasal airways showing the approximate position of the olfactory and trigeminal nerves, the nasal valve, the regional segmentation (red dotted lines), and 3 different cross-sections vertical to the nasal floor at position (a), (b), and (c). The location of the nasal valve and the trigeminal and olfactory nerves.](head0053-0072-f1){#fig01}

Beyond being a route of administration for systemic delivery, there are structures within the nasal cavity that have a role in the pathophysiology of headache and may serve as therapeutic targets for headache. The trigeminal nerve, in particular the first ophthalmic branch (sensory) as well as the parasympathetic branches synapsing in the sphenopalatine ganglion (SPG), is strongly involved in the pathophysiology of cluster headache and has been implicated in migraine.[@b12] Serotonin receptors (5HT~1b~ and 5HT~1d~) have been found both at the terminal nerve endings in the nasal mucosa and in the corresponding ganglia, which may offer a local target for nasally delivered drugs, triptans being only one example.[@b13] Furthermore, the parasympathetic part of the trigeminal nerve may be responsible for mediating symptoms like increased tearing and nasal secretion and congestion during attacks, symptoms that are present in both cluster and migraine headache sufferers.[@b14] Interestingly, levels of mediators like vasoactive intestinal peptide and calcitonin gene-related peptide (CGRP) are increased in nasal secretions and saliva during attacks, suggestive of a neurogenic inflammation in nasal vessels that potentially could enhance drug absorption across the nasal mucosa.[@b15],[@b16]

Sinus headache, commonly associated with sinusitis, is often alleviated with the nasal administration of locally active substances including topical steroids, antihistamines, and saline. Nasal delivery of small amounts of CO~2~ for a short period of time has, in clinical trials, shown effects on migraine and on the symptoms of allergic rhinitis.[@b9],[@b17],[@b18] It is thought that the addition of CO~2~ may induce therapeutic changes in intracellular pH, reduce CGRP release in nasal secretions, and/or produce other modifications of receptors that may mediate effects on trigeminal nerve transmission and neurogenic inflammation.[@b9] Interestingly, in a recent paper, signs of nasal autonomic dysfunction with significantly higher nasal pH and reduced mucociliary clearance time were observed in Parkinson\'s patients compared with controls.[@b19] Both exhaled nitric oxide (NO) levels and NO levels in nasal air have been found to be significantly higher in migraineurs compared with healthy volunteers. Several studies suggest a relationship between NO and neurogenic inflammation in the trigeminovascular system, which is in agreement with the observed release of various vasoactive peptides like CGRP in nasal secretions, indicating that NO may contribute negatively to the migraine disorder.[@b20]--[@b22]

NASAL DELIVERY OF HEADACHE MEDICATIONS
======================================

Intranasal administration of a variety of medications for the treatment of headache has been utilized for some time. Intranasal formulations of dihydroergotamine mesylate (DHE), sumatriptan, zolmitriptan, butorphanol, civamide, and lidocaine have all been used/investigated for the treatment of migraine and/or cluster headache.[@b23] Civamide and lidocaine have been administered via a nasal dropper to interrupt nerve transmission, and although there has been some evidence of clinical efficacy, neither has received US Food and Drug Administration approval for the treatment of headache.[@b24] Furthermore, nerve stimulation of the SPG has shown promising results in aborting cluster headache, strongly supporting the potential of local treatment to nerves that may be accessed from the nasal cavity.[@b12],[@b25],[@b26]

DHE, sumatriptan, zolmitriptan, and butorphanol have obtained regulatory approval for the treatment migraine and can be administered in the form of a conventional nasal spray by the patient. DHE is known to be a highly effective medication when administered intravenously. Unfortunately, it is less than 1% bioavailable when given orally. However, when administered intranasally, it has a bioavailability of ≈40% allowing for use of this medication in the outpatient setting.[@b23] In addition to the intranasal formulations, sumatriptan is available as a subcutaneous injection, an oral tablet, suppositories, and a rapid dissolving tablet (outside the United States). In addition to the intranasal formulation, zolmitriptan is available as an oral tablet and fast melt formulation. For both drugs, the intranasal formulations were introduced as alternatives to the oral formulations to overcome the issues of slow onset, reduced GI absorption during headache from slowed motility, as well as the aversion of patients to take oral medications in the presence of nausea.

Both intranasal sumatriptan and intranasal zolmitriptan have demonstrated superiority against placebo in providing relief of migraine symptoms, and intranasal zolmitriptan has been demonstrated to provide earlier relief than the same dose of zolmitriptan oral tablets.[@b27]--[@b29] Each provides a more rapid absorption than the respective orally administered tablet.[@b30] However, neither has resulted in a marked increase in total bioavailability relative to oral.[@b30][@b31]

These triptan conventional nasal sprays display a bimodal absorption pattern with a fairly small early peak attributed predominantly to absorption across the nasal mucosa, followed by a later more distinct peak representing GI absorption of the significant amount of drug swallowed after bypassing the nose.[@b30]--[@b33] For zolmitriptan, the nasal fraction has been quantified in a study and found to account for approximately 30% of the total absorption.[@b32] A similar study has not been conducted with sumatriptan nasal spray, though sumatriptan liquid nasal spray pharmacokinetics have been studied.[@b31],[@b33] It is important to note that the approved dose of zolmitriptan delivered nasally is the same as the highest dose for tablets (5 mg), whereas the range of approved conventional sumatriptan nasal spray doses (5, 10, and 20 mg) is fivefold lower than the oral doses (25, 50, and 100 mg). Consequently, the systemic exposure is significantly lower for the range of sumatriptan nasal spray doses compared with the oral formulation, whereas it is similar or even slightly higher with nasal zolmitriptan. The opportunity to deliver a lower dose highlights a potential advantage of delivering sumatriptan nasally (vs zolmitriptan) as the risk for systemic and GI-related side effects relative to the oral formulation may be reduced by lowering the systemic exposure.

Despite the theoretical advantages of intranasal drug administration, there have been impediments to broad adoption for the treatment of migraine headache. For patients, the consequences of the inadequate deposition to the target mucosa achieved with traditional nasal sprays is likely a key factor contributing to a lack of perceived clinical benefits over oral treatment. Prospective studies have demonstrated that a key driver for patients preferring a nasal spray is speed of onset. In addition, for obvious reasons, alternative formulations that offer the potential of faster absorption may be preferable over simply increasing the dose of an oral formulation.[@b2],[@b34] Enhanced tolerability or safety relative to oral formulations would simply add to patient preference should they accompany a core efficacy benefit like improved speed of onset.

LIMITATIONS OF NASAL SPRAY DELIVERY
===================================

Traditional spray pumps used with nasal sprays result in limited drug deposition to the target sites beyond the narrow triangular-shaped constriction called the nasal valve, which is located approximately 2 cm from the entrance of the nostril.[@b35],[@b36] The purpose of the narrow nasal valve, in concert with the complex convoluted nasal passageways, is to filter and condition the inspired air, enhance olfaction, and optimize gas exchange and fluid retention during exhalation.[@b8] These important functional features of the nose impose important limitations on efficient nasal drug delivery that are too often ignored.

For example, the expanding convex spray plume and high particle speed emitted from a spray bottle will largely impact on the walls of the nasal vestibule. Increasing the propulsive force of the nasal delivery does not alter the fundamental anatomic constraints, as the plume impacts on the first surfaces it reaches, while "sniffing" exacerbates the problem as described later. The anterior segment of the nasal cavity, the nasal vestibule, is lined primarily with nonciliated squamous epithelium, which is less efficient for medication absorption than the ciliated respiratory epithelium beyond the nasal valve[@b8] ([Fig. 1](#fig01){ref-type="fig"}). Because of this mismatch between the geometry of the anterior region of the nose and the spray plume, only a small fraction of the spray penetrates beyond the nasal valve, and a large portion of the spray volume remains in the vestibule.

The large volume of liquid in the vestibule of the nose may drip out or be wiped off. Sniffing during delivery further narrows the nasal valve, and reflexive sniffing after delivery to avoid drip-out will not only further narrow the nasal valve, which is already particularly narrow superiorly (see [Fig. 1a](#fig01){ref-type="fig"}), but also shrink the already slit-like deeper nasal passages ([Fig. 1b,c](#fig01){ref-type="fig"}). This tends to impair both the intended targeting to a broad nasal surface area and any potential benefits of higher deposition, and tends to direct whatever medication penetrates the nasal valve along the nasal floor to be swallowed. Taste buds sensing bitter taste located at the base of the tongue are quickly exposed to the concentrated liquid that contributes to the intense bitter taste often reported with these nasal sprays. It is only the smaller proportion of the spray that reaches the highly vascularized respiratory mucosa that accounts for most of the early nasal absorption. Such a significant portion of the medication delivered by conventional nasal sprays is swallowed, rather than being nasally absorbed, which the GI tract contributes more to the amount of drug absorbed than does the nose.[@b31],[@b33] This phenomenon is clearly observed with sumatriptan where a bimodal absorption profile is produced following conventional nasal spray administration: a lower early peak, likely related to intranasal absorption, is produced after 20 minutes and is followed by a higher absorption peak consistent with GI absorption around 90 minutes.[@b31]

The predominance of oral absorption following conventional nasal spray delivery reduces the intended advantages of nasal delivery. Thus, the lack of significant differentiation from oral tablets results in only marginally faster onset of action in some patients and likely contributes to the limited uptake in the market place observed with nasal sprays.

Notably, both the sensory and parasympathetic branches of the trigeminal nerve involved in the pathophysiology of migraine and other headaches innervate the mucosal surfaces beyond the nasal valve, which is also where the SPG resides. To the extent that these structures are involved in headache pathophysiology, the posterior and superior portion of the nasal cavity would be an interesting target for therapeutic intervention with current or future drugs; however, they cannot be effectively reached with a standard nasal spray ([Fig. 1](#fig01){ref-type="fig"}).

OPTINOSE BREATH POWERED DELIVERY
================================

Breath Powered Mechanism of Action and Devices
----------------------------------------------

A comprehensive review on deposition patterns associated with nasal drops and spray pumps concluded that traditional delivery devices are suboptimal for delivery to the respiratory mucosa beyond the nasal valve.[@b8] Several approaches attempting to improve the drug delivery of traditional spray pumps have been suggested and tested over the years, but are generally either impractical, suboptimal, or have yet to be proven in replicated human intranasal deposition studies. Efforts to optimize conventional nasal sprays by improving the method of use have been similarly unrewarding: a study tested 7 different head and body positions using traditional nasal sprays and concluded that there is "no best method."[@b37]

The Breath Powered Bi-Directional delivery mechanism can be implemented in simple devices without electromechanical cost or complexity, and overcomes many deficiencies of traditional nasal delivery. Both liquid and powder drugs can be delivered using such devices, and implementations of each are in active development. This novel nasal delivery concept consists of devices with a flexible mouthpiece and a shaped, sealing nosepiece. It is designed to exploit unique aspects of the nasal anatomy and physiology to improve the extent and reproducibility of drug delivery to target sites in the nose beyond the nasal valve while avoiding the risk of lung inhalation.[@b38]

The user slides the shaped nosepiece into one nostril to create a seal with the nasal tissue, inserts the mouthpiece between the open lips, takes a deep breath, closes the lips around the mouthpiece, and then exhales forcefully into the mouthpiece. The oral exhalation into the device creates a positive pressure in the oropharynx, naturally elevating and sealing the soft palate and completely separating the nasal and oral cavities. Because of the sealing nosepiece, the airflow and dynamic positive pressure is transferred by the device into the nasal cavity where it expands the nasal valve and narrow slit-like passages. The intranasal pressure, which is slightly reduced compared with the intraoral driving pressure due to the resistance of the device and the nasal passage, automatically balances the pressure across the soft palate to avoid overelevation of the soft palate. This is essential as it maintains patency of the important communication pathway between the two nostrils that is located deep in the nasal cavity posterior to the nasal septum, permitting the exhaled breath to escape from the contralateral nostril while relieving the nasal cavity of excess pressure.

A dedicated multiuse Breath Powered powder device with a reusable device body and a disposable nosepiece was developed for use in patients with migraine headache ([Fig. 2](#fig02){ref-type="fig"}). An 11-mg dose of sumatriptan powder is filled into a standard respiratory capsule and provided to the patient in a capsule chamber of a disposable nosepiece. There is a small entrance for airflow at the bottom of the chamber and a larger opening at the top. Prior to use of the device, a fresh nosepiece is snapped into the top of the device, and the capsule is pierced by depressing a button on the device body. Upon exhalation into the device, the pierced capsule vibrates and rotates with the exhaled breath, releasing the powder into the airflow. Drug particles are carried posteriorly by the expanding flow of physiologically warmed air into one nostril, beyond the nasal valve, and deposited broadly throughout the deep nasal cavity before the air reverses course and escapes anteriorly through the other nostril (Bi-directional delivery) ([Fig. 3](#fig03){ref-type="fig"}).

![The Breath Powered powder device for sumatriptan delivery.](head0053-0072-f2){#fig02}

![Illustration of the Breath Powered nasal delivery.](head0053-0072-f3){#fig03}

Multiple studies evaluating anthropometric differences between individuals were conducted in order to develop the appropriate design of the device in order to accommodate differences in individual nostril size and distances and angles between the mouth and nose. The current design has been found in usability testing as well as clinical trials to be well accepted in terms of comfort and ease of use.

Drug Deposition With Breath Powered Devices
-------------------------------------------

The scintigraphic techniques used in the last decades to study *in vivo* nasal deposition of liquid and powder formulations are relatively crude and did not allow for reliable absolute or relative quantification of regional nasal deposition and clearance patterns. An improved system allowing reliable quantification of the regional nasal deposition of radiolabeled particles in human subjects has been introduced and used in clinical deposition trials comparing conventional nasal spray devices to Breath Powered devices for both liquid and powder drugs.[@b39]

In the most recent study, Tc^99m^-labeled lactose powder was delivered with the Breath Powered powder device.[@b35] A capsule fill and particle size profile similar to sumatriptan powder was used. For measuring differences in deposition, the nose was divided into 3 horizontal segments, and a vertical dividing line was positioned at the head of the inferior turbinate ([Fig. 4](#fig04){ref-type="fig"}), and radiation counts within each segment were quantified after administration.

![Gamma camera images 2 minutes after delivery using a traditional liquid spray (a) and powder with OptiNose Breath Powered Device (b) shown with a logarithmic hot iron intensity scale. Initial gamma images from one of the subjects are superimposed on a lateral magnetic resonance (MR) image. The red dotted lines indicate the segmentation used for regional quantification.](head0053-0072-f4){#fig04}

The Breath Powered powder device demonstrated a broader deposition on the regions where nasal mucosa is lined by ciliated respiratory epithelium (especially upper and middle posterior regions, but also the upper anterior and middle anterior regions) with less deposition in the nonciliated nasal vestibule and significantly greater initial deposition to the upper posterior regions beyond the nasal valve compared with the conventional spray delivery (≈54% vs 16%) ([Figs. 4](#fig04){ref-type="fig"} and [5a](#fig05){ref-type="fig"}).[@b35] In contrast, liquid sprays deposited most of the dose (≈60% vs ≈17%) in limited regions in the lower parts of the nose ([Fig. 5](#fig05){ref-type="fig"}).[@b35]

![(a) Initial Regional nasal deposition (0-2 minutes) for Breath Powered powder delivery device and delivery with a traditional nasal spray pump. (b) Initial horizontal nasal distribution (0-2 minutes) for the Breath Powered powder delivery device and delivery with a conventional nasal spray pump.](head0053-0072-f5){#fig05}

Pharmacokinetics (PK) of Breath Powered Sumatriptan Nasal Powder
----------------------------------------------------------------

The regional analyses of deposition and clearance clearly demonstrate that the Breath Powered powder device provides broader exposure to the highly vascularized respiratory mucosa beyond the nasal valve, and particularly improves delivery to the middle and upper regions of the nasal cavity.[@b35] This should reasonably be expected to translate into more rapid and more extensive drug absorption of suitable medications than is achieved with standard nasal spray delivery. This difference should be possible to measure objectively, as it should be reflected in improved PK and ultimately in improved efficacy. Such studies have now been performed assessing the consequences of delivering sumatriptan in this fashion.[@b40],[@b41]

Two studies have evaluated the PK of sumatriptan delivered with the OptiNose Breath Powered device. One was a crossover study in 12 migraine patients pretreated with either subcutaneous (SC) injection sumatriptan, or sumatriptan powder delivered with a Breath Powered device, prior to a challenge with nitroglycerine known to induce migraine (GTN-challenge).[@b40] The larger second study was a 4-way crossover study in healthy volunteers comparing sumatriptan powder delivered with a Breath Powered device (15 mg delivered dose split between nostrils) to 20 mg sumatriptan nasal spray (1 nostril), 100 mg sumatriptan tablet, and 6 mg sumatriptan SC injection.[@b41] In both studies, there was a bimodal absorption pattern representing an initial nasal absorption followed by a GI absorption with Breath Powered delivery ([Fig. 6](#fig06){ref-type="fig"}).[@b40],[@b41] The initial peak observed in both studies was more pronounced than the peak observed with the standard nasal spray (as measured in the second study),[@b41] indicative along with other PK parameters of a more efficient and faster systemic absorption with the Breath Powered device ([Fig. 6](#fig06){ref-type="fig"}). Absorption also occurred earlier than with tablet delivery but with a significantly lower peak and total systemic exposure than either the oral tablet or subcutaneous injection.[@b41]

![Pharmacokinetics (PK) profiles for nasal sumatriptan from two crossover studies performed with the Breath Powered powder device and the marketed Imitrex sumatriptan nasal spray. The one study was done in migraine patients during GTN-challenge, whereas the other study was performed in healthy volunteers.](head0053-0072-f6){#fig06}

The nasal peak for sumatriptan powder is very similar in the two PK studies, one in migraineurs and one in healthy volunteers, occurring early in both populations.[@b40],[@b41] However, the later peak, assumed to represent predominantly GI absorption, is substantially smaller in the study performed in migraineurs during GTN-challenge[@b40] ([Fig. 6](#fig06){ref-type="fig"}). This likely reflects the delayed and decreased GI absorption because of autonomic dysfunction observed in migraineurs that is further accentuated during an attack.[@b3]--[@b6]

It should be noted that sumatriptan powder was split between the two nostrils while the nasal spray was administered to a single nostril.[@b40],[@b41] The impact on the PK profile of dividing the liquid spray dose between nostrils has been previously investigated and found not to improve either the rate or extent of absorption over administration to a single nostril.[@b42] Therefore, it seems unlikely that this difference in administration procedure explains the findings in the PK study in healthy subjects.

It is important to recall when reviewing the pharmacokinetic data that the total delivered sumatriptan dose with the Breath Powered delivery device is 20-25% lower than the sumatriptan 20 mg liquid spray. A shift to greater nasal absorption with Breath Powered delivery reduces the fraction of sumatriptan bypassing the nose compared with sumatriptan spray, and the dose is split between the two nostrils ([Fig. 6](#fig06){ref-type="fig"}). The lower dose, broader nasal distribution, and significantly altered clearance pattern (NB, the soft palate is closed at the time of delivery) following Breath Powered delivery further reduce the amount and concentration of drug reaching the taste buds at the base of the tongue, which is likely to mitigate the intensity of the bitter taste sensation. The results show that the enhanced nasal deposition produced by the Breath Powered device is indeed associated with pharmacokinetic advantages.

Clinical Trials in Migraine
---------------------------

It is reasonable to hypothesize that the increased early absorption may offer advantages in terms of improved efficacy and in particular more rapid onset of pain relief, and that the low dose may enhance tolerability or safety. The ability to prevent migraine attacks in the study with GTN-challenge combined with the similar electroencephalography findings following SC and Breath Powered powder delivery, despite much lower blood levels, also suggest potential clinically relevant advantages.[@b40] These findings provided the rationale to proceed to a randomized placebo-controlled trial with a Breath Powered sumatriptan delivery device.

In the first placebo-controlled, parallel group, 3-arm trial in acute migraine (117 total patients), two doses of sumatriptan powder were delivered with the Breath Powered device and compared with a "placebo" control group using dummy devices.[@b43] Fast onset of pain relief was observed for both active doses with early pain relief rates similar to historical data for SC injection despite much lower systemic exposure. Significant benefits were also observed for pain relief at 120 minutes for both doses, and the higher dose was selected for further development. The higher dose produced a response of 80% vs 44% with placebo (*P* \< .01) at 2 hours, and high early response rates at 60 minutes (74% vs 38%, *P* \< .01) and at 30 minutes (54% vs 31%; NS).[@b43]

A phase III, placebo-controlled, parallel group, 2-arm study in 212 patients was recently conducted with sumatriptan powder being delivered with the Breath Powered device.[@b44] At 2 hours postdose, a significant proportion of patients experienced pain relief compared with placebo (68% vs 45%, *P* \< .01), a high value for triptan therapy. However, again, the most striking result was the fast onset of pain relief, with a remarkably high response rate at 30 minutes (42% vs 27%, *P* \< .05). This is particularly notable in light of the extremely low dose of a triptan medication. The reported adverse events were primarily mild and transient and generally limited to the site of administration. It was concluded that Breath Powered delivery of intranasal sumatriptan powder is effective, safe, and well tolerated and can offer fast onset of pain relief in adults with acute migraine headache.

Comparison of these results with published data suggest that the speed of onset of pain relief is much faster than oral treatment and approaches that achieved with SC injection, but with substantially lower systemic exposure and therefore the attendant risk of adverse events.[@b44]

Potential Therapeutic Effects of the Breath Powered Device
----------------------------------------------------------

In each clinical trial with Breath Powered delivery, an interestingly high placebo response rate has been observed.[@b43],[@b44] In these trials, control patients did not receive "no treatment" but used identical Breath Powered delivery devices to active patients. Although the high response among these "placebo" patients may be due to chance, secular trends, or other factors, it is interesting to note that there are also potential explanations directly relating to the use of the Breath Powered device.

During normal respiration, there is minimal exchange of air in the upper narrow part of the nose. The particular aerodynamics of the Breath Powered delivery device blowing a large amount of exhaled air with 5-6% CO~2~ at a flow rate of 30 L/minute or more lasting for 2-3 seconds, which penetrates the upper narrow segments of the nose, could provide therapeutic effects, in part similar to those reported with the delivery of 100% CO~2~, albeit that this CO~2~ delivery was done for short duration and done at low flow (10 mL/s) and low volume.[@b17],[@b18] In the present Breath Powered device, it is postulated that the oscillating capsule and airflow may significantly enhance exchange of air in upper narrow parts of the nose, as in part observed in response to humming and pulsating nebulizers.[@b45],[@b46] In addition, there are reasons to hypothesize that potential positive effects mediated by the positive air pressure, rapid vibrations produced by the rattling capsule, and the removal of NO may all play a role in alleviating migraine headache.[@b46],[@b47] One or more of these, or other, device-related mechanisms may contribute to the high response rate in the placebo groups in the trials with Breath Powered powder delivery in migraine patients.

Potential Headache Treatments With Breath Powered Bi-Directional Delivery
-------------------------------------------------------------------------

The deep nasal cavity deposition associated with Breath Powered delivery enables the potential for medications to be delivered more broadly to the trigeminal nerve innervated tissue and to the SPG, which may prove to be beneficial in the treatment of a range of headache disorders. The aerodynamic properties of the device itself may offer alternative mechanisms of action and/or synergetic effects.

In addition to possibilities in preemption or prevention of migraine, cluster headache and trigeminal neuralgia represent target indications for possible delivery of numerous new or current drugs alone or in combination, including for example triptans, DHE, lidocaine, nonsteroidal anti-inflammatory drugs (NSAIDs), locally acting corticosteroids, and potentially CGRP-antagonists. There is great unmet need, and it is possible to modify the current device to optimize delivery for treatments intended to particularly target the region closest to the SPG for optimal efficacy. Other potential indications include chronic migraine, where delivery of a very small daily dose of a triptan or other drugs in this manner may offer sufficient receptor blockage to reduce the number of acute attacks. Even topical steroids may prove valuable alone or as an adjuvant therapy in cluster headache or in sinus headache.

CONCLUSIONS
===========

Nasal drug delivery has long been a route of administration known to be useful in the treatment of headache and other disorders. However, the typical methods of intranasal delivery are relatively ineffective in their delivery of medication broadly and to the posterior/superior areas of the nasal cavity where rapid and efficient drug absorption and other benefits can effectively accrue. Therefore, the promise of intranasal drug delivery has not been fully realized. Human gamma-deposition studies *in vivo* with Breath Powered devices have proven that this novel device mechanism is capable of producing a significantly improved nasal drug deposition pattern. Pharmacokinetic studies to assess the consequences of this improved deposition were performed following the delivery of a low dose of sumatriptan powder, and show that this improved delivery is associated with enhanced speed and efficiency of absorption across the nasal mucosa with a reduced proportion of GI absorption relative to standard nasal spray. In replicated clinical trials, Breath Powered delivery of low-dose sumatriptan has now been shown to produce substantial response rates, with early pain relief more similar to SC injection than to other forms of delivery, but with much lower exposure than with oral or SC treatment. This new form of nasal delivery may offer a number of interesting therapeutic options for the treatment of a range of headache disorders in the future.
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